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SUMMARY

The aim of this study is to increase the thermal efficiency of a parboiler which
is used to parboil brown seaweeds (Undaria pinnatifida) and tangleweeds.
Brown sea weeds and tangleweeds are scalded first for further processing upon
harvesting. The parboiling is initial and important processing by which the
qualty and taste of finished products of a brown seaweed would be determined.
Since smoke-tube type parboilers currently used are with far less automation,
the temperature of parboiler water can not be maintained within the allowable
range between upper and lower limits, and the thermal efficiency is quite low.
In addition the span of life of the parboilers is also short.

In this project promotion of the overall efficiency of a smoke-tube type parboiler
was aimed so that consumers can have a parboiler with relatively low
purchasing price with high automation and with considerably increased thermal
efficiency. The prolonged life of the parboiler was also targeted.

1. Extracting the problems and analysing feasible improvements on designing
and operating of the smoke-tube type parboilers.

- Om-site investigation of parboiler’s builders and processing industries

- Normalization |

- Close examination of items to be improved

2. Basic design of a smoke-tube type parboiler

-  Minimizing the maintenance cost by making the tube and furnace
demountable

-~ Analyzing the flow of combustion gas and improving the combustion
efficiency

- Development and design of the water circulation equipment for reducing
thermal stresses

- Standardized designing a parboiler based on the parboiler capacity

- Improving the water circulation system for maintaining the water
temperature at the optimum level on full and continuous load of a parboiler



3. Data collection, design and manufacture of automatic equipments
- Boiler water circulation system

~ Water level and temperature control equipment
-~ Feed water heater

- Air pre-~heater

- Water saving roller equipment

~ Soot removal system

4. Operating condition, working efficiency and stability ensurance of automation
equipments

- Boiler water circulation system

- Water level and temperature control equipment

- Feed water heater

- Air pre-heater

- Water saving roller equipment

- Soot removal system

5. Confirm the quality of brown sea weeds at full and continuous load of a
parboiler

6. Economic analysis of a parboiler
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1) $5% 25
2) AAxE

3 Be gyAS
H W FaAA
5) 5o AEE
6) AT 77

2 A8 7134 459 FF

1) Inhibited Abmiralty(ASTM B111 Allay NO. 443. 444. 445, 70-73% CU, about
28% 7Zn, 09 - 12 % Sn, 0.02-0.10% Inhibitor As, An,or P, max. 0.01% lead,
max 0.06% Fe)

Bl olZ A 7telw of7F e AH g9 dgd dis) £2 R4S 7Y A A
T "ot izt AP FHAZAY. A ARGl Abgste A2 FY 27
St A ARE-ste] £ AH/E YERd HAo] e AW dE&ET. 129 ol
A, WZol = Assh+ admiralty 2.t phosphorixed asmiralty 7} A S € ¢},
Admiralty tube®} tube®} tubesheet cladding& 4Huy F%0] 5-6 ft/secE: =g
) Erosion-Corroson< 33l7] 49 390. F(199, )old A& A&2 + §ioh

2) Alminum Brss(ASTM B111 Alloy No. 687;76.0-79.0 Cu, 18-22% Zn, 1.8-2.5%
Al, 02%As, mas 0.07% pb, 0.06%Fe)

AlZse WREAAYE Admialtet ¥zttt 3Eod AlErlste vy WE F&
ofgk FA wuk oy XH»«] sl A dig A4S ST A I EA
B SFime WHEY o] AF = BF turbulance®}t Air-bubble Attackel] A3d&o
o7 gd#A 9}5}.'3HT°1] 27t FFH AAY H2S 295 AE
AQst Walrg AME2 de AHEEHT Ao

fr&E 3-Tft/secol Wl o]ojof 3kl 4-6ft/seco] 4 oltt.

HE tube sheet & AlZE plate 8= Fuj7} £0]54x &t}

Al

3) Aluminum Bronze(ASTM B111 Alloy NO. 628 Alloy E)

| e AIESRY $5%8 748 448 /M4 glow AlRS tubeE AME-3t
= A% tube sheet clad® plateZ FFo] £o]3F Helth Al-FF34 Al-AHEt
o] AYate] 93 galvanic F4& AlstA] ¢Fr] wjiolt},

Al-35 tubest 7 AHEE £ AdE tube sheetd TDEAFEL muntz F&olY

=
Naval &9 &#&F& &9 Utk

%]

—
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4) Copper - Nickel 90-10 (ASYM Bl111 Alloy No, 706 ; min 86.5%Cu,
9.0-11.0%Ni, 1.0-1.8%Fe, max 1.0%Zn, 1.0%Mn, 0.05%Pb)

Al-35 tubeRt} BIRA T o] AR TE tubedt tube sheets FF 5y G+
| = ¢t 53 22 4 wE §& EYUldes 92 -3

o] ¥&5<& wW$ 5 Ul Corrosion-Erosiond 2& Ze=th o] & tubeZ & &
w37]= SCC air-impingement attaccko] tal H2So 3 W A3AL 70-30
Cu-Niit}h dutzog 943t}

Lo AHEEHE 3 % FA9 AY T FHS
Exojo} gt} F&2 6-12ft/secole]oF 3t 7-

2

A

rok
>
2 g

2

ot AFs A

.

=]
T
ft/sec

UQ
R

5) Copper-Nickel 70-30(ASTM Bl1l Alloy No. 715 ; min 65%Cu,

29.0-33%N1,0.40-0.7%Fe, max. 1.0%6Zn, max. 1.0%Mn,max. 0.05%Pb)

o] &+¢ EAL& Copper-Nickel 90-103 H]<=3ith. oo 7

Corrosion-Erosion, & <& 12 dHNA 53 AL zt=

Copper-Nickel tubet® R& SCCYair-impingemento] &3] #&E % ge=v)

& dAE 3 FIgEe] 3" Tzﬂoﬂj‘_lx_ HAS oA 7t AFstE
2 90-10 Copper-Nickel®} B]&=3tAY 27

o

Jo of
S| ==

6) Copper-Nickel 80-20(ASTM B111, Alloy No.710)

o] g7 WFAAH 542 70-30 cupronickel B.th ©hA7r Rtk R 287 o) 70-30%
AHES AT £ gldd AEE £ gt a8y o] Alse 43 70-30% =
= %t 90-10 cupronickel®] F7+ AE Ad€Algfolm g Itix] & AL EHA &

7) Monel Metal
)AL T LR ug wuH2e AHoltt iy wg v " E o] AR
2 AYA] AAHo|F7F EHefof 3o}

{0

O

-

&) Hastelloy C and Titanium
Hastelloy C(®E+ Titanium)& 3)1%\—‘/} Q Oﬂ-’ﬁoﬂ 71 e AYHE = AH

9) Bonded Metal
FA 2ol Qi wlo] thE AMEd uj

o]

imetallic tube® A}-§-3Htt.
&ﬂ% —%O-] tube?_}__é?o UH@‘COT 91]:2_} 9_ % ‘HTOIJ— tube H]—@'O H] l?‘é‘]l}\é‘\% Bo]—%c;‘:



% hydrocarbon®] =AY # Al &% / 4% tubed AME3 A$% Y. 275
= process®] Z7d wtA thE #%& Bimetallic tube’} AH&H T}

10) A% L2HyolEA 2" a2~ (Super Stainless Steel)o] 7F2 “Pitting

A3 d3tE BEA76AN $HFHTE 45 AL 7 2EHAE 2o
Z AT F Ak 71 L2HUlEA AEE(eg.3049 316)2 Pitting A &4 o]
okt F3E FH71A SCC Feol EAHAY. 53] SCCy U4eEF FAq)
Ao A ZAo AdsiA or|dY ALY RE AsE YA 74 FHY 5
gk 2@s A SCC7F dolg 4 It

olgi gt FAE Wi 7]EY LAHUOEA FEE(eg. 3049 316)S AHTELE
AbgE e B Ado] mgta ofd /‘e}%‘ el 278 Ade] e EVHE
&ttt

o0& F7bste] AXAA & o dHA

Pitting Ao & A& Crolyd Mo
& E9 By wEw F4AU} potting HI H¥}AHES JfAA

Aok FHe @
Z4 & Avkar st}
Eckenrod %—8— 18Cr-8NiZol 0.26%74x] AAE F7HAI7|E B B2 A
g AF o WoAe F5d 9449, ¢ =& Pitting d9E 54 =

o] 7% %E}I’— B 3dth AAHA 2L2E ol EA 2HRIHA A A Y
A FHrlE d4%%F 031 Vo £5 2 Pitting Aol ¥4 HAUY Parke d4
38 AEIH A AFE Tid Hastelloys 28 3 Inconel 6259 I X5 ®HIE
T ~Hdda AFEo] 50, C-(05N HCl + IN NaChellA Tidk Ni 71A =% &
U3 S Adon Rustgn. oAl 24, o) EE ¥To] 1150 VH A4
7tA] scanning & ®W o] ¥ 3 break dawnE YERNA] &k,

Nel #H7IZ 8% MgCl2 €99 SCCol tig Adx =3 /fd =HAo 1¥
5-10 o]E9 A5T WAFL FTd A5 B 9gE FAAANZE H Mod N
o] ds2ge 7191g 3o

o ©

=3
A71M w2 o AAsy] A “x WAR"S W st Ao FAD ‘2 W4
A7 pittingd ERA ] I WA AT o HHstAT WA o
% 3= PRE.(Pitting Resistence

e 27FA 9 AFFAel Ut o
Equivalent)7} %Cr + 3.3% Mo + 30%N(Eq. )3 Zthe Rolx, & dhvte FH 2
243 "=d, N9 4% 0% Zxdd PRE AsE %Cr + 33%M -
T0%N(Eq. 2)¢ 2thx a3tk 40 ol4<9 PRE A+E 71 2HAH2% AF
o] #j5 Hao thal 2L 71A Ao 2 HATE o]E0] o] #of dAYE
o] 2% Asjoltt wetd nAT 2HAHAZFES PREV 40 o]l Aoz A9
& = ATk 9o F T we 27kA] SaHuolEA AFel A HAL

=
N
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9 FxE 2M9 AHAHAZ AFo] HT &
o

254SMO (S31254) : 465 for Eq.l/ 54 for Eq.2
SR-50A (S32050) : 49.3 for Eq.1/ 59.3 for Eq.2

AA SR-50A (S32050)& 254 SMO (S31254)e.2 € 3% 5wk JEO FHE
}7Y AAE R0l 7 A%E BHAL Utk YE Kawasaki BASAS wIof
2WH Qe Yo EA 2H Q27 22%Cr-17%Ni-4.5%M0O-0.3%N)o] #d4i &
94 FRz FEHCl £ U ¢ A% A4 4FEA 43S 2R d0n 3
EEIEE

=
o A2 29 g8 £ 2HJdE 2% AZRIALE Pitting® F5-4 el Bis) #
G AGAHE 7 2 2HUlEA 25 EE AT Adn LRSI

AEHOFE HAx TH SxdvolEA 2w 2ol dF ¥ dudrE Am
2 M Adsida & ¢ AT Ak da §% 2dRld s AFol 2
27 A A EE AYE do] Ttk o] AFLS 45 WA #Brt ol
Hold 7143 4AHL AFE TFTHE et o AFo] vA dof FHEAT
EokdlM 2 dse THE Aoz 7IdEd

11) Coated Exchangers
A vl oA gro]l A epoxyY #E coating Held ©4a7 §FAoE AzdE &
ndri7 Axp FES Z1 9ut

a. coating® 8 #AA
7}, gkel Atk

g 2dd S5e Adsel $5E WA By

b. coating®] A3+ A}3}

7 Z1AAJA T4 A ZEr] dd.
U AbE2% A= 212-320 o F o] %04 coating & 21F38] 1z oo §
o
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.

B¢ T G4 E tube sideE )

£

oy v process FA7F §F tube UFHE ZEGH EFYLSFE shellF S
ool 3}3 tube bundle® shell coating AAIE A AAT F dojof )
Bundle® ¥ ¥ w shell coating®] €4te] 7A &= dugr)o] slideE AA
sjoF o} |

B2 o842 FoA coatingol €AHE ASA% shellsFEde 43 A lojof
st} 1/8-3/16 in T2 1F liningS coating®uhe GA AA3HA ©£7] HE
shell sideZ°ll tube bundle coating <tE T}

t}. coated SR &7 BAAAE 92 ¢ 2AE, €4 crack, crevice 52 I 3o}
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